Some of the variables in the Folin method for measurement of urinary creatine and creatinine were studied. The effects of varying the picric acid concentration, volume of solution, and heating time on the conversionof creatine to creatinine were investigated. A study was also made of the results obtained in the chromogenic reaction by varying the concentration of picric acid and sodium hydroxide.
THE METHOD OP F0LIN (1) has long been used for the measurement of creatine and creatinine because of its simplicity, in spite of the fact that it is well established that the color reaction is nonspecific (2) (3) (4) (5) (6) (7) (8) (9) . According to Van Pilsum (10) , of the numerous procedures devised for the measurement of creatinine, the o-nitrobenzaldehyde procedure (11), the picric acid method employing Lloyd's reagent (12) , and the picric acid method coupled with iodine oxidation and ether extraction (13) are probably the most practical and satisfactory for both blood and urine analyses.
Tanssky (14) has recently presented procedures for the measurement of urinary creatine and creatinine using ether extraction to eliminate interfering substances. This same author (14) has also provided a technic for the estimation of these compounds in the presence of phenolsulfonephthalein and sulfobromophthalein. Another investigation (15) , has indicated that the Folin method
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for the estimation of urinary creatinine, yields results comparable to those obtained using the o-nitrobenzaldehyde procedure of Van Pilsum (11) and the picric acid and Lloyd's reagent technic of Hare (16) .
As a result of these findings, it became desirable to use the same color development for the measurement of urinary creatine. The procedure of Folin (2) for the measurement of urinary creatine involves two weighings and a transfer; it appeared to be more expedient to carry out all the manipulations in the same container and to avoid the weighing steps. This report describes such a technic and contains data to support the validity of this approach.
In addition, a compatible method for the measurement of urinary creatinine is presented.
Materials and Equipment
All photometric measurements reported in this investigation were made with a Klett-Summerson colorimeter using a No.54 green ifiter. Creatine monohydrate and creatinine were obtained from Eastman Organic Chemicals.
The 0.057 M picric acid solution was prepared by dissolving 30 gm. of picric acid (90% picric acid and 10% water) * in 2 L. of warm water. The solution was then allowed to stand several days at room temperature before the precipitate was removed by ifitration. The concentration of the resulting solution was established by titrating with a standardized NaOH solution, using phenolphthalein as an indicator.
Experimental Creatine Determination
According to the method of Folin (2), urine containing 0.7-1.5 mg. creatine is added to a weighed 250-mi. Erlenmeyer flask. Boiling chips, 20 ml. saturated picric acid, and approximately 130 ml. of water are added to the flask and the solution is boiled until the weight of the solution is 20-25 gm. The solution is cooled, 1.5 ml. of 10% NaOH is added, and the solution is transferred to a 100-mi. volumetric flask and diluted to volume before the absorbance is meas--ured.
The first experiments in this investigation were performed to determine the percentage conversion of creatine to creatinine by the Folin method. This was accomplished by using 1.0-ml. samples of a standard creatine solution, containing 1.0 mg./ml., and measuring the absorbance, as compared with the absorbance of an equivalent amount of creatinine (0.863 mg.) prepared the same way (except for the heating).
The average of 8 determinations showed the conversion to be 92 per cent.
The first alteration in Folin's procedure was as follows: 1.0-mg. samples of creatine were placed in 100-ml. volumetric flasks, fol. lowed by 20.0 ml. of 0.057 M picric acid, 2 glass beads, and 40 ml. water. The solutions were boiled on an electric hot plate until the volumes were approximately 10 ml. The solutions were allowed to cool, 1.5 ml. of 2.5N NaOH was added to each flask, and after 10 min. the solutions were diluted to volume and the absorbances were measured.
The average recoveries by this technic in 9 determinations was 86 per cent. It was observed that when less picric acid was used during the heating, the recoveries increased.
Amount of Picric Acid
To determine the optimum amount of picric acid for maximum conversion, experiments were performed where varying amounts of picric acid were used during the heating step. The procedure was to add to the sample the picric acid, and then 70 ml. water. The solutions were reduced to 10 ml. by rapid boiling. After the solutions cooled, sufficient picric acid was added so that all the flasks contained a total of 10 ml. of 0.057 M picric acid. The solutions were alkalinized with 1.5 ml. of 2.5N NaOH, diluted to final volume of 100 ml., and the absorbancies were then measured. The results of a typical experiment is shown in Table 1 . The data clearly show that the best conversion is obtained with 1.0 ml. of 0.057 M picric acid. The use of larger amounts of picric acid lead to lower recoveries.
Volume of Solution
The next variable considered was the initial volume of solution before heating. This is not only a measure of acid concentration during the boiling step, but also a measure of heating time, since the solutions were all reduced to approximately 10 ml. In these experiments, 1.0 mg. creatine and 1.0 ml. 0.057 M picric acid, and varying amounts of water were added to a series of 100-ml. volumetric flasks. By boiling, the volumes were reduced to about 10 ml. After cooling, 1.5 ml. of 2.5N NaOH was added, the solutions were diluted to vol- ume with water, and the absorbancies were measured. The results are shown in Table 2 . These data indicate that the addition of larger volumes of water lead to better recoveries.
Heating Time
To determine if the improved recovery was due to heating time or to acid concentration, 1.0-mg. samples of creatine were heated with 1.0 ml. of 0.057 M picric acid for varying lengths of time. Sufficient water was added to the flasks initially and during the heating so that the volumes were never less than 30 ml. The results of this type of experiment are shown in Table 3 . It can be seen that the recoveries reach a plateau after 40 mm. of heating. Thus, heating time appears to be more important in this conversion than the solution volume. Experimentation showed that there was no loss of preformed creatinine during the heating process. Samples of creatinine which were subjected ot the heating step produced the same amount of color as the same quantities of unheated samples.
Creatinine Determination
Since the best results were obtained using amounts of picric acid very different from those prescribed by Folin (2), it seemed desirable to ascertain the amount of picric acid necessary for maximal color development.
This was determined by measuring the color produced according to the following protocol: To 100-mi. volumetric flasks were added 1.0 mg. creatinine, various amounts of picric acid, and 1.5 ml. of 2.5N NaOH. After 10 mm., the solutions were diluted Becoveries were calculated as described In Table 2 .
to volume and the absorbancies determined. Blanks were prepared for each amount of picric acid used by substituting water for the creatinine sample. The coloriineter was adjusted to zero absorbance with each blank before making the absorbance measurements for the corresponding creatinine solutions.
The results of a typical experiment are as follows.
U Piano acid
Color intensity As can be seen, after a certain concentration of picric acid is reached, the absorbances remain essentially constant.
The plateau appears to be reached when 10.0 ml. of 0.057 M picric acid and 1.0 mg. of creatinine are used and under these conditions there are a total of 570 micromoles picric acid and 8.85 micromoles creatinine present.
This suggests that maximum color is produced when there are 16.1 moles picric acid per mole creatinine.
Amount of Picnic Acid
To show that maximum color formation depended upon the total amount of picric acid rather than its concentration, the following experiment was done. One-milligram samples of creatinine and 10.0-ml. volumes of 0.057 M picric acid were each added to a series of flasks. Then amounts of water, varying from 0 to 50 ml., were added to the flasks before the color development with 1.5 ml. of 2.5N NaOH. After 10 min., the solutions were diluted to a final volume of 100 ml. and the absorbances were then determined. The colorimeter readings for the solutions were essentially the same, which indicates that maximum color development depends upon the total amount of picric acid and not upon its concentration.
Amount of Alkali
Another variable in the color development reaction which was investigated was the amount of alkali needed. To study this, 1.0-mg.
portions of creatinine and 10.0 ml. of 0.057 M picric acid were each added to a series of 100-mi. volumetric flasks. Varying amounts of 2.5N NaOH were added to the flasks. After mixing and standing 10 mlii., the solutions were diluted to volume with water and the absorbances were measured. Typical results of this experiment are as follows. IA typical color developed in these samples but quickly faded.
This study indicates that 1.5 ml. of 2.5N NaOH yields maximum color development.
The experimental results indicate that maximum color development is obtained when 10 ml. of 0.057 M picric acid and 1.5 ml. of 2.5N NaOH are used.
Reagent Proportions
An additional study was made to show that the absolute amount of the two reagents has little effect on the maximal color intensity, providing they are used in constant proportion.
To each 100-nil. volumetric flask in a series were added 1.0-mg. samples of creatinine and various amounts of 0.057 M picric acid and 2.5N NaOH in a ratio of 1.0:0.15 ml., respectively.
After addition of the reagents, the flasks' contents were thoroughly mixed, allowed to stand 10 min., and then diluted to volume with water. The results can be seen in Table 4 . It would appear that the absolute amounts of picric acid and NaO}I have little effect on color intensity provided they are used in a proportion of 3.75 micromoles NaOH :0.57 micromoles picric acid or 6.6 mole NaOH :1 mole picric acid.
The data presented in the last three tables suggest that maximum color intensity is obtained when the reagents are present in the following approximate proportions: 424 moles NaOH 64 moles picric acid: 1 mole creatinine. Appropriate blanks were prepared by substituting water for creatinine.
Discussion
The type of experimentation described here is similar to that previously reported by Bonsnes and Taussky (17) . However, the results are somewhat different.
Bonsnes and Taussky found that the color produced, when the creatinine and NaOH concentrations were constant, was essentially the same for a fivefold change in picric acid concentration.
The present results do not show this. These earlier workers found that as the alkali concentration was increased, less color was produced; this agrees with our results. Bonsnes and Taussky found that maximum color development was obtained when NaOH, picric acid and creatinine were present in the respective molar proportions of 2830:38:1. Our data show that maximum color intensity is produced when the reagents are present in the approximate molar proportions of 424:64:1. Perhaps these differences in observations are due to that fact that Bonsnes and Taussky used a greater concentration of NaOH than was used in the current work. They used concentrations of 150 mM for the NaOH, 2 mM for the picric acid and 0.053 mM for the creatinine.
In the current investigation, the mfflimolar concentrations for the NaOH, picric acid and creatinine were 37.5, 5.7, and 0.088, respectively.
An unfortunate aspect of the Folin technic is that the color developed is not a linear function of concentration.
However, because the absorbance values are so reproducible, a calibration curve can be effectively used.
Conclusion
The results obtained from the experiments described above were utilized to formulate the following procedures for the measurements of urinary creatine and creatinine.
Procedure for Urinary Creatine and Creatinine 1. One milliliter of the urine sample, 1.0 ml. of 0.057 M picric acid, 2 glass beads and approximately 60 ml. of water are placed in a 100-ml. Pyrex volumetric flask.
2. The solution is vigorously boiled on an electric heater for a minimum of 40 mm. The volume of the solution should never be reduced to less than 20 ml. and thus it may be necessary to add additional water during the heating period.
3. After the solutions have cooled, 9.0 ml. of picric acid and 1.5 ml. of 2.5N NaOH are added. The solutions are thoroughly mixed, allowed to stand 10 min. and then diluted to volume with water.
4. The absorbance of the resulting colored solution is measured at 540 m. The absorbance value is converted to milligrams per milliliter creatinine by the use of a calibration curve.
Procedurefor Urinary Creatinine 1. One milliliter of the urine sample, 10.0 ml. of 0.057 M picric acid and 1.5 ml. of 2.5N NaOH are added to a 100-mi. volumetric flask.
2. The flask contents are thoroughly mixed and allowed to stand 10 mm. before dilution to volume with water.
3. The absorbance of this solution is determined at 540 m, and by use of a calibration curve, the absorbance value is related to milligrams per milliliter creatinine.
Calibration Curve for Urinary Creatinine
A suitable calibration curve is prepared by following the above procedure for urinary creatinine, except that known amounts of creatinine replace the urine sample. A useful calibration curve can be plotted from the absorbance values obtained by using samples of 0.1, 0.2, 0.5, 1.0,. 1.5, 2.0, 2.5, and 3.0 mg. of creatinine. Those amounts can be accurately measured by using 1.0, 2.0, 5.0, 10.0, 15.0, 20.0, 25.0, and 30.0 ml. of a creatinine solution containing 0.1 mg./ml.
The concentration of urinary creatinine is obtained directly from the calibration curve. The creatine concentration is found by subtraction of the value for creatinine from the value for creatine and creatinine.
This gives the creatine concentration in terms of creatinine and is converted to creatine concentration by multiplication with the factor 1.16, thus:
